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Fabrication of High Ciirrent Coated High Tempetatxite 
Superconducting Tapes 

Bacl^gtound Of The Indention 
1. Fidd of the Invention 

This invention relates general^ to an apparatus and method for the production of 
hi^ temperature superconducting materials. More spedficaUy, the invention relates to the 
preparation of hi^ current and high current density HTS mai-p.fiaiR prepared by MOCVD 
deposition of /^<g»tmi1ar precursor materials. 

Z Description of the Related Art 

High teroperature superconducting (HTS) materials have immense potential for use 
in electric power, electronics, and medical industries. Presently^ the HTS material that is 
manufactured in considerable quantities by industry is bsised on (BiJPb)SrQiCuO (BSCCO) 
svqpetconductor. This material and the process used to manu&cture it have proven to be 
expensive. Furdiermore, the properties of this material degrade quickly in the presence of 
magnetic fields that are generated in a nimxber of electric power devices. 

ReBaCuO (Re = rare earth) superconductor is being developed as a potential 
alternative to the BSCCO s\]5>erconductor. When fabricated in the form of a thin fiflbtn 
coated on a metal substtate (HTS coated conductor), this material exhibits sijperior current 
carcying capability compared to BSCCO. 

Several deposition processes are being developed to £ibricate HTS Coated 
conductor. In general, tiiin film deposition techniques can be classified into two major 
categories: (1) physical vapor deposition (PVD) and ^) chemical processes (see ''The 
Materials Scimce of Thin Fihns", Milton Ohring, Academic Press, 1992; S, L. Swartz, IEEE 
Transactions on Electrical Insulation, 25(5), 1990, 935; S. B. Krupanidhi, J. Vac. ScL 
TechnoL A, 10(4), 1992, 1569). 

Most of the approaches are based on physical vapor deposition techniques where a 
source of HTS material is vaporized by means of (1) ablation with a high power laser, (2) 
evaporation using an electron-beam source, or (3) sputtering using high energy axgon ions. 
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However, these techniques are limited in several ways. First, they are all limited by line of 
sight Le. the vapors can coat die snbsttate only where diey can *see' the substrate, which 
means diat the coated area is small This limits the diroughput of coated tape. Second, the 
composition of the coated film is limited to the composition of die matedal being vaporized 
Third, the source material has to be maintained under vacuum causing lefill to be difficult 
and in turns poses a problem for long-length manufacturing. Fourth, the source matfirial has 
to be fotmed into a monolidi, which adds cost to the process. Fifth, a high vacuum is 
needed which increases cost of capital equipment 

The chemical processes can fordier be divided into two subgroups Le., chemical 
vapor dqiosidon and wet chemical processes including sol-gel and metalorg^c 
decomposition (MOD. 

The sol-g^ and MOD processes for deposition of tiiin films are popular because of 
dieir simplicity. Additionally, they provide molecular homogend^, high througl^ut, 
excellent compositional control and low capital cost since no vacuum is required. 

The limitations of wet chemical processes are tiiickness control, multiple steps for 
film formation (deposition, bakeout, & heat treatment as a minimum), need for repeat these 
multiple steps multiple times to build thick films, carbon residue incorporation in the films, 
difficulties in epitaxial growth in thick films, and evolution of harmful byproducts such as 
HF if fluonnated precursois are used. 

A wide variety of source materials have been employed to form thin films, layers and 
coatings on substrates. These source materials include reagents and precursor materials of 
widely varying types, and in various physical states. Vapor deposition has been used widety as 
a technique to achieve highly uniform thickness layers of a confbrmal character on the 
substrate. In vapor phase deposition, the source material may be of ioitially solid form that is 
sublttned or melted and vaporized to provide a desirable vapor phase source reagent 
Alternatively, the reagent may be of normalty liquid state, which is vaporized, or the reagent 
may be in the vapor phase in the first instance. 

These reagents may be used in mixture with one another in a multicomponent fluid, 
which is utili2ed to deposit a corresponding multicomponent or heterogeneous film matenal. 
Such advanced thin film materials are increasingly important in the manu£acture of high- 
power electdcal devices, microelectronic devices and in the emerging field of 

2 



wo 02/056420 PCTAJSOl/4 1529 



nanotedmology. Fox vise in such manu&ctanng piocesses, it is essential tint the film 
moj|>holog7, composition, and stoichiometty be closely conttoUable. This in turn lequircs 
highly reliable and efiBdent means and mediods for deUvety of souice reagents to the locus 
of film formation. 

Examples of advanced thin film materials include high temperature superconducting 
(HTSC) tnafpriak indudiug YBa2Cu30x; wherein x is firom about 6 to 7.3; bismuth- 
strontium-calcium-copper oxide and thallium-barium-calcium-coppec oxide superconductors 
of varying stoichiometty (BiSrCaCuO and HBaCaCuO). Baibmi titanate, BaT103, and 
barium strontium titanate, Ba^rj-x IIO3, have been identified as fecrodecttic and photonic 
materials -with unique and potential^ very usefial pro^serties in thin fihn applicatioAs of such 
materials. Ba^^ri -x NbjO^ is a photonic material whose index of refisiction dbanges as a 
fimction of dectdc field and also as a fimction of the intensity of light upon it Lead 
zirconate titanate, PhZr^ -x TiJO^ is a fiettoelecttic material whosjs properties are very 
interesting. Ihe Group II metal fluorides, BaFj, CaFj, and StPz, are usefiil for scintillation 
detecting and coating of optical fibers. Refiactory oxides such as T^O^ are coming into 
expanded use in the microelectronics industry; TzjD^ is envisioned as a duurfilm capacitor 
material whose use may enable higher density memory devices to be fiibricatedL 

Chemical vapor deposition is a pardcukdy attractive method for forming tliin film 
materials because it is readily scaled up to production runs and because the electronic 
industry has a wide experience and an established equipment base in the use of CVD 
technology, which can be applied to new CVD processes. In general, die control of key 
variables such as stoichiometry and film thickness, and the coating of a wide variety of 
substrate geometries is possible with CVD. Forming the thin films by CVD permits the 
int^;ration of diese materials into existing device production technologies CVD also permits 
the formation of layers of materials that are epitaxially related to substrates having close 
crystal structures. 

CVD requires that the element source reagents, Le., the precursor compounds and 
complexes containing the elements or components of interest be sufficient^ volatile to 
permit gas phase transport into the chemical vapor deposition reactor. The elemental 
component source reagent must decompose in the CVD reactor to deposit only the desired 
element at the desired growth temperatures. Premature gas phase reactions leading to 
particulate formation must not occur, nor should the source reagent decompose in the lines 
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befoie reaching the leactor deposition chamber. When confounds ate dedied to be 
deposited, obtaining opdmal properties requires dose control of stoichiometty^ that can be 
achieved if the reagent can be delivered into the reactor in a controllable fesiiion. In this 
respect the reagents must not be so chemically stable that they are non-reactive in die 
deposition chamber. 

Desirable CVD reagents therefore are fairly reactive and volatile. Unfortunately, for 
many of die materials described above, volatile reagents do not exist Many potentially highly 
useful re£cactory materials have in cotxunon diat one or mote of their components ate 
elements, Le., the Group n metals bazium, calchun, or strondum, or the eady transidon 
metals Tirconium or Viflfniiim^ for which no ot £ew volatile compounds well suited for CVD 
are known. In many cases, the source reagents are solids whose sublimation tempetatote may 
be veiy dose to the decompoddon tetxq>eratute, in which case the reagent may begin to 
decompose in the lines before reaching the reactor, and it therefore is very difi&cult to 
control the stoichbmetry of the deposited films £com such decomposition-susceptible 
reagents. 

When the film being deposited by CVD is a multicomponent substance zather than a 
pure dement, such as barium titanate, lead zirconate titanate (PZl), lead landianum titanate 
(PLT), or the oxide siq>erconductors, controlling the stoichiometty of the film is critical to 
obtaining the desired filtn properties. In the deposition of such materials, \)diich may form 
films with a wide range of stoichiometries, the controlled delivery of known proportions of 
the source reagents into the CVD reactor chamber is essential 

In other cases, the CVD. reagents are liquids, but their delivery into the CVD reactor 
in the vapor phase has proven difficult because of problems of premature decomposition or 
stoichiometty conttoL Examples indude the deposition of tantalum oxide fiom the liquid 
source tantalum ethoxide and the dq>osition of titanium nitride £tom 
bis(dialk7lamide)titanium reagents. 

In the liquid delivery approach, the liquid or solid precursor is typically dissolved in a 
solvent, and the solution is stored, e.g., at ambient temperature and pressure. When the 
deposition process is to be run, the solution is ttsinsported to a high temperature 
vaporization zone within the CVD system, where the precursor is flash vaporized (along with 
the solvent), and the gas-phase precursor then is transported to die deposition zone, such as 
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a chemical vapor deposition xeactoi; containiog a substrate on which dq>osition of die 
desired component(s) horn the vapor-phase precursor cocaposition takes place. 

Tte liquid delivery technique has been found to be useful for deposition of 
multicoirq>onent oxide thin filtna such as (Ba,Sr)'n03, StBi^ Taj (SBT), (Pb, La) TiOy 
(PLT) and Pb(Zr, 11)03 (PZT) for example. In CVD processes developed for these and 
odier conipoxmds, it is desirable to dissolve all the precursors in a single solution, and 
vaporize Aem simultaneously, following which the vaporized precursor composition 
containing die respective components is transported to die deposition chamber, as described 
above. 

liquid delivery systems of varying types are known in the art, and for eicaxx^le are 
disclosed in U.S. Pat No. 5,204,314 issued Apr. 20, 1993 to Peter S. Kirlin et aL and U^. Pat 
5,536,323 issued JuL 16, 1996 to Peter S. Kirlin et aL, which describe heated foraminous 
vaporization structures such as microporous disk elements. In use» liquid source reagent 
compositions are flowed onto the foraminous vq)ori2ation stmcture for flash vaporization. 
Vapor thereby is produced for transport to the d^osidon reactor. Hie liquid delivery 
systems of these patents provide high ^£Qdency generation of vapor £com \(^ch £Qms may 
be grown on substrates. liquid delivety systems of such type are usefully employed for 
generation of multicomponent vapors £com corresponding liquid reagent solutions 
containing one or more precursors as solutes, or alternatively from liquid reagent 
suspensions containing one or more precursors as suspended species. 

The simplicity of such liquid delivery approach has been fortuitous, because each 
componeat in this system of metaloiganic precursors can be treated identically in die 
respective solution-forming, vaporization and transport steps of the process. Thus, in such a 
compatible system of multiple, well-behaved precursors, (1) the precursors can be dissolved 
in the same solvent with high solubility, (n) the precursors maintain their identity in the single 
solution, without deleterious chemical reactions with the solvent or net ligand exchange with 
each other, (m) the precursors can be efficiently vaporized under the same temperature flow, 
pressure and ambient (carrier) gas conditions, and (iv) the CVD deposition process can be 
performed using a fixed ratio of the CVD precursors in the solution, distinct advantage since 
the relative proportions of the respective components cannot be easily quickly changed. 
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CVD using metsdo^anic pnecuxsois (MOCVD) is used for febricatkm of films of 
vanous matexials inchidiflg HIS. Howevej; MOCVD has yet to be shown to be a viable 
approach to achieve hi^ cuttent and hi^ catrent density wttb HTS Coated conductors 
because suitable MOCVD appatatos and process has not been de\reloped 

Therefore^ an object of diis invention is to provide an MOCVD Process and 
MOCVD System to produce HTS Coated Conductors suitable for use in high current and 
high current densitp* environments. 

Other ot^ects and advantages of the invention vpill be more folly apparent &om the 
ensuing disclosure and appended claims. 

Summary of the Invendon 

Tbe present invendon relates to the use of a metal organic chemical vapor deposition 
(MOCVD) process for febrication of coated HTS conductors- In a MOCVD process, 
chemical precursors of the constituent elements are vaporized at a low temperature and the 
vapors are deposited on a heated substrate to form the HTS film. The equipment can be 
designed for the vapors to flow over a huge area Le. a long-lengdi of tape can be coated 
instantaneously or a number of tapes can be coated in parallel, both of which result in hig^ 
throughput The precursors of individual elements of the HTS material can be mixed in an 
infinite number of coixibinations. Tlierefore, the conq>osition of the HTS film can be 
tailored to that preferred to achieve specific performance parameters. The precursors are 
maintained outside the dq>ositidn chamber under ambient conditions. Therefore, refill of 
precursors is veiy simple which is important for long length manufacturing. The precursors 
need not be formed into any shape;^ which does not add extra cost MOCVD is performed at 
a pressure much higher than that used for FVD techniques and so, cost of capital equipment 
is relatively low. 

Brief Description of the Drawings 

Figure 1 is a schematic drawing of the vaporizer showing the orifice and heating 
elements. 

Figure 2 is a schematic drawing of die deposition reactor showing the showerhead, 
the oxygen injector and the heating and cooling coils. 
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Figaie 3 is a chatt sho\i(asg the cuirent-voltage cuxve from a higb-<:ii£ient YBC on 
metal substrate prepared udlizing the m^enti^e process. 

Figure 4 is a chart showing the performance of present generation HIS materials 
and of YBC and of on a metal substrate prq>ared utilizing the inventive process, in magnetic 
fields of interest for dectric-power applications. 

Detailed Description of the Invention 

The selection of the precursors is the most critical step for successful deposition of 
complex oxide £Qms. Hie ideal precursors for MOCVD have to meet the requirements of 
hi^ vapor pressure at low vaporization temperatures, low decomposidon temperatures, laxge 
'\9ind0w" between vaporization and decomposition temperatures, no contamination from 
oiganic constituents of the precursors, stability under ambient conditions and nontoxicity. In 
die present invention, tetramethyl heptanedionates have been used as precursors to grow the 
complex layered structure films. 

A liquid precursor is preferred to achieve hi^ performance in HTS coated 
conductors Eabricated by MOCVD. Advantages of hqviid precursors over solid precursors 
include a sin^ point of temperature control for vaporization, longer period of stability and 
easy refill, both of which ate critical for long-length tape manufacturing, and higher 
precursor feed rates, which is important for hi^ rates of deposition. Precursors that are 
especially useful in the ionovative process are tetramethyl heptanedionate oompoimds of 
ytttium (or other tare earth such as Sm, Nd, Yb, Eu, Gd, Dy, Ho, Er), barium and copper. 
The Ba compound is preferably adducted with a compound such as phenanthroline to assure 
long-term stability. Bach compoimd is individually dissolved in solvents such as 
tetrahydrofuran and isopropanoL Both THF and isopropanol are required tx> dissolve die Y 
and Ba compounds whereas THF alone is sufficient to dissolve the Cu compound. When 
the precursors have dissolved^ die individual solutions are mixed together. 

Tetramethyl heptanedionates of ytttium, barium [adducted with phenanthroline] and 
copper are obtained fitom InOrgatcch, Mildenhall, Suffolk, U JC The Y compound is 
dissolved in solvent containing 2 parts of THF and 1 part isopropanoL Hie Ba compound is 
dissolved is a solvent contaiaing 3.5 parts THF and 1 part isopropanoL The Cu compound is 
dissolved only in THF. 
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Wbea the individual pxecutsots ate dissolved the7 axe mixed together in a ratio 
determined hy the desited composition of the th\n film. It is one of the patticulat benefits of 
the piocess that the fihn chatactedstics can be varied over a wide taoge by modifying the 
tatio of the pxecutsots in die combination. The molality of overall solution is in the tan^ of 
ftom about 0.003 M/1 to about 0.03 MA 

The xatio of the taxe eatth, Ba and Cu compounds, as detexmined by the elemental 
latto in the precuxsor solution should be between 1 to 1 .65 - 2.65 to 3, pxefistably 1 to 2 — 
2.3 to 3, and most piefetably 1 to 2.15 to 3. The thxee solutions are combined by bw shear 
misdxig to form a uniform solution. 

The liquid precursor sohidon is then purc^ed at a constant rate of from about 0.1 to 
about 10 ml/min into the vaporizer using a low-flow rate, high-pressure pump such as a 
HPLC (Higjh Pressure liquid Oiromatogcaphy) pump. Hie pump should be capable of 
delivety low flow rates with a hig^ accuracy and without pulsation. The wetted components 
of the pump should not react with the precuxsox solution. Therateof intcoductionwillof 
course depend on die size of die vaporizer and deposition reactor. We have found that a rate 
of approximately 0.25 ml/min is suitable fox deposition xate of about 2 miccons/houx. 

An important component of the MOCVD system is the vaporizer. The vaporizer 
used to flash evaporate a liquid precuxsox has to be maintained at a steady temperatuxe. 
Moxe impoxtantiy, the vapoxizer should be maintained clog-&ee. Several designs of 
vaporizex including commexdally available vaporizeis such as MKS Model # DLI25BS99 
have &iled fox use with the liquid pxecuxsoxs of the invention because of vapoxizer clogging 
by the Ba precursor. It is also important that the vaporizer be designed to avoid stceaming 
of the precursor solution, which is caused by suction of the solution by the vacuum in the 
system. Further, die vaporizer and has to be designed to avoid deposits of the precutsor. 

Referring to Figure 1, the vaporizer 10 is a cylindrical vessel constmcted of non- 
reactive materials. Mounted at one end of the cylinder is an inlet means for the intxoduction 
of pxecuxsox solution to the vapoxizet. The pxecursor is preferably delivered to the vaporizer 
througjh small bore tubing 20. The tubiag is maintained wet using solvent when the vapoxizer 
is not in operation to avoid clogging. Heating means 30 are placed around die exteriox of the 
vapoxizer body to mamtoin a hig^ and even tempexatuxe distribution. 
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Hie precuisox eatiy tubing ends in an orifice tip 40 with a diameter in the laxige of 
&om about 10% to about 50% of the diameter of the ddivety tubing. Thb narrow opening 
builds pressure and prevents suction of the precursor by the vacuum in the vapomerA 
typical orifice opening is fix)m about 0.001 to about 0.005 inch inside diameter. 

The delivery tubing is sxirtounded by an anftulat carrier gas delivery means 50, 
typica% in the form of annular tubing surrounding the precursor delivery means 20. The 
carrier gaSj typically argon, enters the vaporizer through delivery means 50 and is used to 
push the precursor exiting horn nozzle 40 downward away &om the orifice and into the 
body of the vaporizer 1 0. 

The region of the vaporizer above the orifice is minimized to prevent precursor 
deposits. 

The solution of mixed precursors is rapidly heated in the vaporizer to a temperature 
in the range of from about 180 to about 300^ C, preferably from about 210 to about 270^ C, 
and most preferably firom about 230 to about 240° C and is pumped to a vaporizer. It enters 
the vaporizer dirough tubing swaged to a nozzle of about 0,004" ID orifice where the 
solution is flash vaporized. The pressure in the feed tubing is in the range of firom about 0 to 
about 15 psi, preferably firom about 0 to about 10, and most preferably bom about 0 to 
about 5 psi. The pressure in the vaporizer is in the range of £com about 1 to about 15 Torr, 
preferably firom about 1 to about 10 Torr, and most preferably feom about 2 to about 5 Torr. 

A tubing of very small diameter, shaped into a small orifice at the ^ to build enough 
pressure to avoid sucking of precursor by reactor vacuum is preferred (too small a diameter 
will end up in do^jing, too latge a diameter will prevent pressure buildup). The 6}^ of die 
tubing has to be placed in a high temperature zone in the vaporizer. If it is at a low 
temperature, the precursors will not vapprize instantaneously. The region above die ti^ of 
the delivery tubing should be tninimized and should be maintained at a hi^ temperature, 
both for avoiding formation of precursor deposits. The outlet for the aigon 'push gas* 
should be placed around the orifice to push the vaporized precursors downward. Tlie tubing 
should be cleaned with solvent such as THF at high pressure after the deposition run to 
avoid clogging. The tubing should be maintained wet prior to ramping the vaporizer to set 
tempemture. The tip of the tubing should be maintained approximately at 230^ to 240^ C. 
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The cfoss-^ecdon of the deliveiy tube should not be decreased beyond the vapoiizer so as to 
avoid deposits of the ptecuisot. 

la a preferred embodiment, the onfijce is sized to inject approximately 025ml/min of 
precursor into the vaporizer. In another preferred embodiment an annular inert gas injector 
used to force the precursor vapors downward away (torn the orifice. In general, it is useful to 
supply the inert gas to the vaporizer at a rate of about 500 to 4000 ml/min. Axgpn is the 
preferred inert gas but nitrogen or other inert gas may be used. 

Hie vaporizer is connected to die deposition reactor throu^ small-bore tubing. The 
rmnimum diameter of the tubing is 0^*'; the maximum is 5*^. Preferably, die diameter of the 
tubing is in the range of firom about 1 to about 1.5**. 

Referring to Figure 2, vaporized precursors are received from vaporizer 10 [not 
shown] through deli\rery tubing 60 along widi introduced 03cygen. The vaporized precursors 
and oxygen are dispersed into the deposition reactor [not shown] by means of showerhead 
70. The vaporized precursors are maintained at an appropriate temperature prior to entty 
into the showerhead 70 by heating means 80 placed around the delivery tubing. The 
temperature of the vaporized precursors is maintained at an appropriate temperature as it 
passes through the showerhead 70 by heating means 90 and cooling means 80. 

A hi^ temperature valve with a direct tine of sight and uniform bore is used between 
vaporizer and reactor. The path of the precursor vapor should not be obstmcted prior to 
injection into the reactor showerhead. Oxygen must be inttoduced close to the precursor 
injection point and is preferably uniformly directed over the entire showeiliead. A 
showeriiead in the form of a disc widi small perforated holes is a suitable way to achieve 
such an uniform flow. If it is introduced non-uniformly» the film gtowth will be non- 
uniform when depositing on large areas^ The entire deUvery line ftom the vaporizer to 
showerhead should be maintained between 230^ and 270^ C. 

The precursor vapors are uniformly injected over the entire substrate area using a 
showerhead The showerhead is preferably constructed with numerous fine openings; die 
total cross sectional area of the openings should be less than the cross sectional area of the 
precursor delivery tubing. The perforations should have a certain length to them so as to 
direct the flow downward. The showerhead should be maintained in a temperature range of 
230^ to 27(f C prior to filr" deposition. A shutter should be used between the showerhead 
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and the substcate heater pnox to film deposidon so as to present any film fotmadon at a 
lower temperature while the substrate heater is ranged up to deposidon temperature. The 
showeihead may not reach the preferred temperature range mendoaed above widi die 
shutter in place. A suitable way to achieve the desired showerhead temperature is to install a 
heater around the showerhead itself. However, after the shutter is opened the showerhead 
may overheat due to exposure to the heat £com the substrate heater. To avoid this problem, 
it is desirable to install a cooling coil around the showerhead To facilitate cooling, the 
showeihead should be constructed of a single block of metal, the cooling coil welded to it 
and the heating coil placed around the cooling coiL 

Ihe vaporized precursors are delivered fix>m the vaporizer to the dqposidon chamber 
through a showerhead. The showerhead is preferably constcucted with numerous fine 
openings, the total cross sectional area of which should be less than the cross secdonal area 
of the precursor delivery tubing. The perforadons have a certain length to them so as to 
direct the flow downward The length should be sufficient to direct the flow onto die 
substrate but not so long as to prevent adequate spread Lengdis of bom about 1 to about 10 
mm have been found usefuL A cooling coil welded to the showeihead and a heating coil 
surrounding the showerhead to nfiqinf^in constant temperature (230^ C to 270^ C) at all times. 
Prior to film deposition, when the shutter is dosed, the heating coil heats up the showerhead 

During deposition, when the shutter is open and the showerhead is exposed to the 
substrate heater, the cooling coil cools the showerhead 

To facilitate cooling, the showerhead should be constructed of a single block of 
metal and the cooling coil be welded to it and the heating coil placed around the cooling coil. 

A hig^ temperature valve with a direct line of si^t and uniform bore should be used 
between vaporizer and reactor. Ihe path of the precursor vapor should not be obstmcted 
prior to injecting to the showerhead 

Oxygen must be introduced to die reactor along with the precursors, preferably 
uniformly directed over the entire showerhead A ring with small perforated holes is a 
suitable way to achieve such an tiniform flow. If introduced nonuniformly, the film growth 
will be nonxmiform when depositing on hxge areas. The entire delivery line from the 
vaporizer to showerhead should be maintained between 230^ C and 270° C 
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The substtates to be coated ate heated to about 700^ to 85(f Q piefetably about 75(f 
to 800*^ C Lower teactot pressure in the lower portion of the acceptable range, oxygen partial 
pressure in the lower portion of the acceptable range and s\ibstrate temperature in the higjier 
portion of the accq)table range are found to favor formation of hi^ quality HIS films on 
commercial substrates. 

The substrate may be any metallic substrate convenlionally used as a substrate for 
HTS films. Stainless steel or nickel alloy are pardculatj^ well suited. The substrate heater 
should be placed at a distance of about 15 to 30 mm fiom the showerhead. If it is placed too 
close, the showediead will overheat due to the heat from the heater. Also» the precursor may 
decompose and result in deposition of parddes on the substrate. If it is kept too £ar, the 
thickness of the film will be reduced and the precursors may condense into their individual 
constituents. 

The MOCVD reactor is preferabty of cold-xxrall type Le. the walls of the reactor are 
not heated The pressures in the reactor and the by-pass fine axe maintained constant using 
throtde valves that are automatically conttolled by pressure readings using capacitance 
manon^eters • 

At reactor start-up, and until the reactor reaches optimum operating conditions, the 
vaporized mixture of precursors is shunted to a by-pass line maintained at the same pressure 
as that in the MOCVD reactor. After the substrates are heated to deposition temperature, 
the vapor flow is switched to the reactor input line. Ihis procedure is accomplished using 
two high temperature valves. 

A pressure of 1 to 5 Torr, preferably 1 to 2.5 Ton^ most preferably 1.6 Torr is 
maintained in the reactor [as weU as in the by-pass line). The low reactor pressure in the 
presence of high g^ flow rates is preferably achieved using a roots blower-vacuum puni^ 
system. 

Oxygen is flowed into the reactor to achieve a partial pressure of about 0.3 to 1 Torr, 
preferably 0.35 to 0.8 Torr, most preferably about 0.55 Torr. 

After deposition, the films are cooled at a controlled rate in a hi^ partial pressure of 
oxygen (100 to 760 Torr) to room temperature. In general, it will require firom about 30 to 
about 60 minutes to complete the cooling. 
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Using tlxe process and system design descnbed above, cxidcal cutients of almost 100 
A (130 A/cm width) and cuxrrat density of 1.3 MA/cm^ have been achieved for the fitst 
time in HIS coated conductot. F^ute 3 demonstrates the hig^ performance results 
achieved in a YBC coated conductor &bncated by die daimed process. 

Figure 4 demonstrates that high performance can be achieved in HIS YBC coated 
conductor fabricated utilizing the inventive process, in higji toagnetic fields at 75 K and M 
IC The performance of the coated conductor far exceeds that of present generation BSCCO- 
based HTS tape technology and meets the requirements of various electric power devices. 

Having descnbed the invention, the following example is provided to illustrate a 
specific application of die invention including the best mode now known to perform the 
invention* This specific example is not intended to limit the scope of die invention described 
in this Implication. 

Example 

Tettamethyl heptanedionates of yttrium, barium [adducted with phenandiroline] and 
copper are obtained from Inorgatech, MildenhaD, Suffolk, U.K. The Y compoimd is 
dissolved in solvent containing 2 parts of THF and 1 part isopropanoL The Ba compotind is 
dissolved is a solvent containing 3.5 parts THF and 1 part isopropanoL The Cu compound is 
dissolved only in THF, The molarity of overall solution is 0.03 M/L 

The liquid con^onents are combined at room temperature in an ultrasound nuxer in 
the ratio of 1 part Y composition, 2,15 parts Ba composition and 3 parts Cu composition. 
The mixed liquid precursor is pumped at a rate of 0.25 ml/min through a HPLC pump. 
From die pump, die precursor is pumped dicough 0.0625" OD, 0.010" ID stainless steel 
tubing at a pressure of 5 psi tx> the vaporizer. 

The mixed component precursor enters the vaporizer through the nozzle tiiat is 
made fi»m a 0.0625" OD, 0.01" ID tubing swaged to an ID of 0.004" at tip. The tip is 
placed in a vaporizer that is maintained at 240^ C using a band heater and heating jackets. The 
orifice is surrounded by an annular argon gas injector. The argon is supplied to the vaporizer 
at the rate of 1000 ml/min. 

The vaporized precursors are transferred to the reactor through 1.5"- diameter 
stainless steel tubing. The composition is maintained at a temperature of 240° C while in the 
delivery tubing. 
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Hie reacto£» a cold wall type, i& maintained at a pressure of 1.6 Tore Hie 
composition is intcoduced into tke reactor durou^ a showerhead. Heating and cooling coils 
to maintain die temperature in die range of about 235^ C sunound the showerhead. In this 
example the showerhead is comprised o£wo 2.75" con-flat flanges bolted tx>gedier. The top 
flange is connected to the tubing ftom the vaporizer. The bottom flange has perforations 
disposed unifoctoly on die surface. The plate has a thickness of about 6 mm» and the 
perforations are about 0,02 to 0.03" in diameter. The lengdi of the perforation is about 6 
mm, sufiSdent to direct the flow downward The showerhead can deliver precursors over a 
diameter of 2,5 cm over the substrate. 

Oxygen is introduced into die showerhead at a flow rate of 500 ccm 

The substrate, comprising of an Incond 625 metal tape, is introduced into the reactor 
and heated, utilizing a substrate heater, to a temperature of 775** C 

The vaporized precursor entering the reactor through die showediead contacts die 
substrate and is dq>osited as a thin Gka. 

The resulting coated substrate is cooled to ambient ten^ecature in an oxygen rich 
atmosphere over a period of 1 hour. 

Obviously, many modifications and variations of die present invention are possible 
in light of the above teachings. It is dierefore to be understood diat, widiin the scope of the 
appended claims, die invention may be practiced otherwise than as specifically described 
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Claims 

1. A process for die production of HTS conductors consisting of a metallic substrate 
and a tViin film coating of rare earth-barium-copper oxides and capable of conducting 
currents greater thi\^ 100 A/cm^dtii and current densities of greater tiian 1 MA/ cm^ at 77 
K, self field comprising 

a] separately dissolving a rare earth, barium and copper tetramethyl 
]iq>tanedionates in a suitable sohreat; 

b] combining the solutions £com step a]; 

c] vaporizing the mixed solution of step b] by flash vaporization in a first 

vessel; 

d} placing the substtate to be coated in the second vessel; 

e] heating the substrate; 

f] injecting the vaporized mixed solution through a showediead into the 
second vessel where the vaporized coating components contact and are deposited on 
the substcate surfiice; and 

g] slowly cooling the coated substrate. 

2. The process of claim 1 wherein the molarity of the precursor solution in step b] is 
approximately 0.03 M/L 

3. The process of daim 1 wherein the ratio of the rare earth compound is dissolved 
in a solvent containing 2 parts by weight tetrahydrofuran and 1 part by weight isopropanol; 
the barium compound is dissolved in a solvent containing about 3.5 parts by weigjit 
tetrahydrofuran and 1 part by wdg^t isopropanol and the copper compound is dissolved in 
tetrahydrofuran. 

4. The process of daim 1 wherein the ratio of the rare earth, Ba and Cu compounds 
is in the range of form about 1:1.65:3 to about 1:2.65:3. 

5. The process of rW\m 1 wherein tiie ratio of the rare earth, Ba and Cu compounds 
is in the range of form about 1:2:3 to about 1:2.3:3. 

6. The process of claim 1 wherein the ratio of the rare earth, Ba and Cu compounds 
is about 1:2.15-3. 
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7. The pzocess of daim 1 wheiein the ten^>etatuce in the fitst vessel is in the tange of 
from about 180^ C to about 300^ C 

& The piocess of claim 1 whetein the t^z:{>erature in the ficst vessel is in the miige of 
from abput 210^ C to about 270^ C. 

9. The piocess of cWitn i wherein the tempetatuie in the fitst vessel is in the tange of 
from about 230® C to about 240® C. 

10. The process of daim 1 whetein tibie tempetatote of the showerhead is maintained 
in the tange of from about 210^ C to about 270® C. 

11. The ptocess of daim 1 wherein die tempetatote of the showerhead is maintained 
in the range of from about 230® C to about 240® C, 

12. The ptocess of daim 1 wherein the ptessute in the second vessd is maintained in 
the tange of fixmi about 1 to about 5 Tone. 

13. The ptocess of daim 1 whetein the ptessute in the second vessd is maintained in 
die tange of from about 1.5 to about 2.5 Tott. 

1 4. The ptocess of claim 1 whetein the ptessute in the second vessel is maintained at 
about 2.0 Ton. 

1 5. The ptocess of daim 1 whetein the oxygen partial ptessute in the second vessd is 
maintained in the tange of from about 0.3 to about 1 Tort. 

1 6. The ptocess of daim 1 whetein the oxygen patdal ptessute in the second vessd is 
maintained in the tange of from about 0.35 to about 0,8 Tott. 

17. The process of daim 1 whetein the oxygen pattial ptessute in the second vessd is 
maintained at about 0.55 Tott. 

18. The ptocess of claim 1 whetein the distance between the showerhead and die 
substcate is in die tange of from about IS to about 30 mm. 

19. The ptocess of daim 1 wherein die rare earth is yttdum. 

20. A process for die production of HTS conductors consisting of a metallic 
substrate and a thin film coating of ytbdum-barium-copper oxides and capable of conducting 
currents greater than 100 A/cm width and current densities of greater than 1 MA/cm^ at 77 
K, self field comprising 
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a] separately dissolving yttnum, baxium and copper tetxametfayl 
heptanedionates in suitable solvents; 

b] combining the solutions £rom step a]; 

c] introducing the combined solutions to a vaporizer at a flow rate of about 
025txjl/tsm; 

d] vaporizing the mixed soludon of step b] by jElash vaporization in a first 

vessel; 

e] placing the substrate to be coated in the second vessel; 

f| heating the substrate to a temperature in the range of &om about 700° C to 
about 850' C; 

g) injecting the vaporized mixed solution throu^ a showerhead into the 
second vessel where the vaporized coating components contact and are deposited on 
the substrate surface; and 

h] slowly cooling the coated substrate. 

21. An HTS conductor capable of conducting currents greater than 100 A/cm width 
and current densities of greater than 1 MA/cm^ at 77 K, self field con^nsing a metallic 
substrate and a thin film coating com|>rising rare earAi-bariumHropper oxides. 

22. An HTS conductor produced by the process of claim 1 and capable of 
conducting currents greater than 100 A/cm width and current densities of greater than 1 
MA/cm^ at 77 K, self field comprising a metallic substrate and a thin film coating comprising 
rare earth-barium-copper oxides. 

23. A vaporizer suitable for use in preparing HTS conductors by MOCVD processes 
comprising a cylindrical body^ an inlet means for a liquid to be vaporized mounted on one 
end of the vaporizer, an fltinnlflr gas inlet means mounted on one end of the vaporizer and 
surrounding the liquid inlet means, and an oudet means for transfetxing the vaporized liquid 
and gas to a deposition reactor. 

24. A deposition reactor suitable for use in preparing HTS conductors by MOCVD 
processes comprising a cylindrical body, a delivery means for dehvering vaporized deposition 
composition to an inlet means for a vaporized deposition composition, an inlet means for 
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oxygea dch gas, a heating means, a cooling means, a substxate holding means for holding a 
substtate to be coated by the vaponzed deposition composition, a means for inserting and 
removing the substrate to be coated, and an outlet means for waste deposition composition 
wherein the inlet means for the vaporized deposition coxnposition is a showethead 
constmcted with numerous fine openings, the total ctoss sectional atea of which are less dian 
the ctoss sectional area of the vaporized dq>ositbn con^osition deltvety means, the 
perforations have a minimum length of about 1 mm, the cooling means is a cooling coil 
wdded to the showediead and the heating means is a heaUog coil surrounding tibe 
showediead 
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Figure 2 
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Figure 3 
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Figure 4 
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